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ERROR ANALYSIS  OF UNATTEN DED ( ROUN D SENSOR OPERATORS ’ REPO RTS

BAt ’ KCR OUND

Recent ft .‘i d exe rc i ses  h ave pr ov t (ted un at  t ended  ground sensor (U ( S
act  I v a t  Ion d a t a  f r o m  sensors  emp loyed In gi ld arrays .  tt st ’ ot g r id  ar r ay s
has provided increased t l e x i h t i t tv  to  t he U ( 5  p rogram , but  a lso  has
created new prob l ems.

Recent research has shown a re lativel y high trequencv of e r rors
c o m m i t t e d  by the  UC S op er ator  w h i l e  monitorin g grid arrays. The limited
amo~int  of t r a I n i n g  t n t  roduced has proveii succes s fu l  in Impr ov i ng ope ra tor
perform an ce.

However , a nerd fo r  f u r t h e r  tel inement  has been recogn ized . In order
to improve g r i t  a r r ay  m o n i t o r i n g  p.’: orm an ce , I t  has been necessary to
expand our knowl e d ge c on ce r n in g  gr i t i  in svs and t o  ~it l i t r e  exper i ence
gained f r om  the  p r e v i o u s  r e s ear c h .

The I n i t i a l  s tep In t h i s  process wa,. an er ro r  an a ly s t s  ot IIGS opera-
t o r  pe r formance  da t a  c o l l e c t e d  f r o m  p r e v i o u s  s t u d i e s .  T h i s  er ror  a n a l v —
st s  w i l t  hel p e s t a b l i s h  t h e  g o al s  and oh i e ct lv e s  ot  t h e  t r a i n i n g  e f f o r t
p lanned  as a m a l or  p r o t e ct .

F.AR1 .I~~R PR OJECTS ON tICS

The error anal vs I s  was per formed on da t  a co i l  ec t ed  f r o m  tICS ope ra to rs
who were participants in three prev ious  r esear ch p r o t e ct s .  The act ivat  ton
da ta  used in a l l  t h ree  pro lec t s  was c o l l ec t e d  at Fort ltragg exercises
d u r i n g  an April  1Q 7 3 l i e  Id .‘xerc ise • The d a t a  cons 1st ed p r i m a r i ly  of
a c t i v a t i o n s  caused by m i l i t a r y  v eh I c l e s  t r a v e r s i n g  a g r i d  a r r ay  sensor
f i e l d  one k i l o m e t e r  square .  A b r I e f  d e s c r i p t i o n  ot those  p r oj e c t s
f~ i t  own • For purposes of conc i seness , I hese p r o t e c t s  w i l l  he i d en t i f i e d
he r e a f t e r as p r ot e c t  X , p r o t e c t  Y , and proje c t
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Pro Iet t X

~h Is  wa $ t he I I  r st ot t hi to pro  .‘c t c onduc t Ot t  u s i n g  (lie g r Id :111 ~i V

rh.~ pr (m ary  ob .1.’c l i v e  was o compa c t ’ UCS (11)crat ot p e r t  ormaiw e on t ou r
d i t t o r e n t  m o n i t o r i n g  d i s p lay s .  A t o t a l  ot l b  ex p e r i en c e d  opera tor s
served i~ t s ub le ct s .  The’ dat:i ~-o l i e c t o d  I rots t h e  1( 0 — I / h  l : t c t  i c a l  D a t a
Reco rd e r  one ot  t he  t o u r  d i  sp I ivs  t e s ted ) was asia I yte’d i t :  c ite cii i  r ent
e r ro r  . in a ly s t s .

Pr o~ o ct  Y

rh is p r o t e c t  was condut ’ t e d  to d e t e r m in e  th e  opt Irna 1 p i t  c l i  t rig t ech—
n I que I or g r id  ar r :v s  on the  1(0— I 7h . Four p r o m i s i n g  t e c h n i q u e s  we’: e
compared r e s u l tin g  in the I m a  I se’ t t ’c t t on  ot t he  “Row ” pat  ch I rig tech-
n i que . A second comp ar i son showed th e’ Q— ~~t ’nso t g r i d  ar t  iv r ’mp toy ed in :~.i square k i l o m e ter  f i e l d  to  he superior  to  t he’ 2 ..— st ’nsor g r i d  ar r a y .  A
t o t a l  of 24 tICS operators particip ated In t h t ~ I’ r o I e ’ct  . Per t orm anco  dat.’:
f rom the 9—sensor g r i d  row p a t c h i n g  s c e nar i o  segments ot tha t p r o j e c t
were u t i l i z e d  in the current error analysIs.

P r ot e c t  
l

T h is  p r o j e c t u t i l i z e d  the  9—sensor g r i d ,  “ Row ” p a t c h i n g  t ec h n i q u e
sole ly .  It s  pt- (m ary  o h t e ’c l i ve  was to  compare t ICS op er at o r  ~~~ t o r m a n c e
on m u l t i p l e  t iCS m o n i t o r i n g  d isp lay s .  Three such d i sp l ay s , a 27—s en s o r
d i sp l a y ,  a ~i4— sens or  d i sp l i v , and 108—sensor d i s p lay , w e r e  comp ared.
Each ot t he  28 t I C S o p er at o r s  p ar t  Ic (pa t  ing it : the  p r o  ~et ’t had in opp or- —
t r i n i t y  to  m o n i t o r  a l l  t h r e e  ot t h e  d i s p l ay s .  A l l  p e r f o r m a n c e  da ta
c o l t  cc ted on P r o t e c t  Z was ut  i l l  red In t he’ ~ r r o  t aria l vs Is

Edwards , L. , R o c h f o r d , [I . , and Sh v ern , LI . Comparison ot Four
tins t tended Cround St riso r Dl sp I aye • AR I to cli:: I ca l  Pap es 28 1 • 1911.

• Pt l e t  te , S. • R i gg s  • B. • Edwards , I • and M a i t  i nek  , H. Opt  m u m  P a t c h I n g
Technique for Se tern Ic Sensors Emp I oved In i Cr Id • AR I l~’ c hi: I c  * 1
Paper , 1Q 77.

Edwa r ds , 1.. • LI let  t e  , S. • Rigg s , H. , anti M a r t  i nt ’k , H. The’ ~t
. 

I ec t  ot
Work Load tin ~~ r to rmanct ’ o I Opera tor s  Mon i t  t i r i n g  Usia I t  ended Cround
Sensors . AR t  T ec h n i ca l  Paper , I~~H.
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VARIABLES

A large number of variables which could potentially affect operator
performance were considered in the error—analysis. Below is a listing
of variables with operational definitions , classifications, and evalu-
ative criteria.

Target and Grid Variables.

Activity Level. The number of target patterns occurring on a 30—pen
X—T plot during a given period of time. Two levels of activity were
present. High activity consisted of six to eight targets within a 30—
minute period; low activity consisted of two to three targets within a
30—minute period .

Noise. The presence of activations caused by sources other than
valid targets. Noise was evaluated as either present or not present.

Number of Vehicles. The number of vehicles present in a target. A
classification was made between a single vehicle target (e.g., one tank)
and multiple vehicle target, e.g., 5 tanks.

Overlap. The degree to which the activations of one target overlap
the activations of another target on the same sensor. Three levels were
evaluated.

In low overlap , less than 1/3 of the target pattern was overlapped by
another target pattern; in medium overlap, 1/3 to 2/3 of the target
pattern was overlapped by another target; and in high overlap, from 2/3
to the whole target pattern was overlapped by another target.

Pattern Size. The length of the target pattern defined in terms of
the average activation time per sensor. Three levels were identified :
small — less than two minutes in duration; medium — two to tour minutes
in duration ; large — more than four minutes in duration.

Proximity. The degree of perceived complexity when several targets
activate adjacent sensors in the same row of sensors. Because there are
three rows in the grid , proximity values ranged from 0 rows to 3 rows.

Sequence. The relative position of a target within a given 30—minute
period. The positions ranged from first to eighth. It was assumed that
target difficulty was randomly distributed.

3
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Spacing. The degree of r e g u l a r i ty  and consistency of sensor acti-
vations within a target pattern. Three levels were defined : good —

regular 10—second intervals between a c t i v a t ion s ;  f a i r  — general act !—
v at i o n  u n i f o r m i t y  wi th  several  n o t i c eab l e  I r r e g u la r i t i e s ;  poor — lack of
uniformity and regularity .

Target Load. The number of targets presented per given period of
t i m e . Target load was expressed in t a rge t s  per hour. A range of target
load levels from ap p r c ix im at e l v  4 to  S5 t a r g e t s  per hour was reviewed .
Target load deals  w i t h  b o t h  the number ot  d i s p l ay s  and the target activ—
i t v  level presented to the operator .

Targe t Speed. The actua l speed of a t a r g e t .  Target speeds ranged
from 135 to 540 meters per m i n u t e .

T r ai l s .  The pa th  or roadway traveled by a target. Five major trails
were represented and identified as A , B , C , P , and F. t r a i l s .  Trails  were
also categorized as direc t and in d i r e c t .  Direc t t r a i l s  included t r a i l s
A . C , and F. The i nd i r ec t t r a i l s  were B and P.

Operator  Var iables .

Response Requirements. Operator responses were based upon the experirnen—
tat requirements. They include management of target logs, recording of
target activity , and operator calculations.

t’ t i l i r a t i on  of Job Aids .  The degree of accuracy the operator achieved
in using his job ~lds for time and distance measurement.

Dependent Variables.

The following four variables were used as measures of performance in
the error analysis.

Detection. The reporting of an actua l target. This variable was
scored as either detected or not detected .

~~~~~ False Alarm. The reporting ci! a target when no target is present —

an error of commission.

4
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Target Speed. The degree ot accurac y achieved in estimating the
speed of a target. Two methods of scoring were utilized. One method
consisted of a correct or incorrect score , based on ground truth. The
second method scored the degree of dev iation from ground truth in meters
per minute. The second method was used to determine both absolute and
relative speed deviation.

Direction. The degree of accuracy achieved in estimating the direc-
tion of travel of a given target. Two methods of scoring have been used.
0-ne method consis ted of a correc t  or incorrect score based on ground
truth. The second method scored the degree of deviation from ground
truth in terms of 10 degree sectors.

RESEARCH DESIGN AND PROCEDURE

The error analysis began with the construction of a categorization
of errors table. Within this table are the four dependent variables and
those independent variables which potentially were considered as error—
causing factors. As the analysis proceeded , some factors were removed
and others were added for consideration. Table I shows the catego-
rization table containing those variables which were found to be of
consequence in the identification of error causing situations.

Subsequent to the construction ot the table , target profiles were
constructed for each of the targets presented in the three previous
projects. These profiles consisted of eva lua t ions  of each target with
respect to the independent variables in the categorization table.

In addition , difficulty indexes were calculated for each target with
respect to the four dependent variables. This combination of difficulty
indexes and target profiles made i t  possible to p inpoint  factors related
to high error situations .

The utilization of several scoring methods in the three projects plus
the presence of some uncontrollable variables prevented some data from
being utilized , and made statistical calculation at times unfeasible.
Most of the statistics used were descriptive.

Because of the lack of adequate experimental control in respect to
some variables , the use of inferential statistical methods was reduced.
tiowever, the combination of observations and calculated trends did allow
the researchers to identify highly probable , error — causing situations.

5
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Table 1. Categorization of Variables A f f e c t i n g  UGS Operator Performance

Dependent Variables

Variables Detections False Alarms Direction Speed

Activity Level

Noise

Number of Vehicles

Overlap

Pa t te rn  Size

Proximity

Response Requirements - 1

Sequence

Spacing

Target Load ~~~

Target Speed (actual)

Trails

Utilization of Job Aids

RESULTS

Detect ion Performance.

Activity Level Effects. The effects of target activity level had
been shown to be substan tial in all three projects. The probability of a
target being detected during a period of low target activity is greater
than during high target activity. Table 2 shows average target detection
rates in the two activity levels of the previous three projects.

LJ~~~ _ _  _ _ _  
_ _ _ _
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Tai l , I.. . Ayi•~ n1j,’ Tai ~~~~~ 9.’ 1 ~ c I I~ n Wit tir.

Projec t

X Y Z Overall

Low Ac t iv i t y  .78 .83 .74 .78

High Act iv i ty  .41 .47  .40 .43

It can be seen tha t  targets  presented during a period of relatively
low ta rge t  a c t i v i t y  have a high probabi l i ty  of being detected.  The
likelihood of a missed detect ion or detect ion error is much greater
du r ing hi gh ta rget ac t iv i ty .  In fac t , these projects  indicate that a
g iven target  is more l ikely missed than detected during a high target
activity period.

Since increasing the activity level or intensity of a battlefield
s i tua t ion  will lead to a greater number of missed targets, training
ef for ts  must be made to prepare the monitor for these situations.
Training fo r better  time ut i l izat ion when a large number of sensors
st ar t activating would be one logical procedure.

Target Load E f fec t s .  Target load is the number of targets  presented
to a moni tor  during a given period of time. Target load is usually
expressed in targets per hour. This factor is related to activity level.

However , wher e activ i ty  level is based on a number of ta rget s on a
given number of sensors for a 30—pen disp lay, ta rget load is based simply
on targets per time period regardless of the number of sensors or dis-
p lays an operator is monitoring.

Because of the various experimental conditions introduced , especially
in Projec t Z , detect ion data is present for a good sampling of target
load levels. Because variations in target load occur in different
experimental situations, definitive conclusions cannot always be made,
but certain trends can be pointed out with respect to detection errors.

In Table 3, the target  load levels utilized in the three projects
are listed in ascending order along with the target  omission rates.

7
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Ta rgct. Fr ror ot Om iss i o t a

Project t.trgets/Uour Rat . (}‘crccnt~~ge)

Z 4.28 14.79

Y ~..75 17.00

X 7 . 7 5  22.00

8 .5 t~
Y 12.75

Z 1 3 . 7 2  -.3 .14

Z 17.12

X 20. 50 59.00

Z 27.44 bO.93

~4 .88 7 J.~.3

Figure 1 presents ~ graphic display of the relationship between target
load and the error of omission rate. The target load level has a strong
effect on the error of omission rate. In the most extreme examp les , with
approximately four targets presented per hour , a m o n i t o r  would only miss
about one of every seven targets. Howeve r , when 55 targets are presented
per hour , three Out of every four would be missed. This data further
supports the theory tha t the level of workload an operator faces has much
to do with the number of detection errors he will make.

An important fact for any f ield commander to remember is that with
workload being a major factor with respect to errors , a given monitor
should not be placed in a position where his error rate would be expected
to be unaccep tably high. Antic ipation of high battlefield activity and
increased target workload should be reason to recruit assistance for UGS
monitors.

- -_-~~L -~~~~~~~~~~~~~~~~ _-—~~~~~- _________________
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Error of 
- -

~n1ssion
Rate

• 100

90

5 10 15 20 25 30 35 40 45 50 55 60

Target Load in Targets per hour

Figure 1. Error of Omission Rate by Target Load

SeQuence Effects .  When the three reference projects on sensor grids
were conducted , the six to eight targets in high activity segments were
presented in a sequential order. It was suggested that the sequential
positioning of any given target might have an effect  on the error rate
of that target. Table 4 shows the average detection error of omission
rates for targets presented in the f i r s t  through eighth positions of the
high activity segments.

It can be seen that the lowest overall error rates occur on the f irs t
targets presented in the segment , the next lowest rate on the second
target , and the third lowest rate on the third target. The fourth
through seventh targets have considerably higher error rates than the
f i rs t  three . The eighth target (present in only one project) shows a
somewhat lower error rate.

9 
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Table 4. Error of Omission Rates (In Percent) for Target
Sequence in High Activity Conditions

- - - .- —-.-- ~~— - -

Sequence

Project 1st 2d 3d 4th 5th 6th 7th 8th

X 47 58 50 67 63 81 50

Y 43 37 50 70 57 50 75

Z 51 61 65 84 71 68 71 59

Average 47 52 55 74 64 66 65 59

Subsequent t—tests run on this data provided the following results
(8th position targets were not included). At the .20 level of conf 1—
dence for a two—tailed test, targets presented first were missed signifi-
cantly less of ten  than targets  presented 2d , 3d , 4th , 5th , 6th ,
or 7th. Targets presented 2d were missed significantly less often
than targets presented 4th, 5th, 6th, or 7th. Targets presented 3d
were missed significantly less often than targets presented 4th, 5th,
6th, and 7th. Targets presented 5th were missed significantly less
often than targets presented 4th. Some of the differences mentioned
above were found to be significant at higher levels than .20. Table 5
includes the highest significance levels for all comparisons.

It seems likely that operators are able to devote more time to
the first few targets presented and consequently made fewer errors.
The possibility that time limitations and frustration caused more
errors later in the high activity segments seems strong. The proper
management of time and effort may need to be emphasized in future
training to correct thi s increase in errors in the latter half of high
activity segments.

This increase in errors related to target sequence did not occur in
low activity situations , except for Project Z. With only two or three
targets being presented , the monitors were no more likely overall to
commit detection errors on the second or third target than they were on
the first. Apparently, the operators had sufficient time to respond to
all targets. In Project Z, where target load requirements were varied
and sometimes quite high even during low activity periods, a trend did
occur. For this project, the first target had a 28% error rate, the
second target a 34% error rate, and the third target a 41% error rate.
This phenomenon shows sequence effect due to target workload.

10
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t hey  vt- r I- p re sent  0(3 • t bus .- :a t is  I ng an l i t o  i t -~t so l i t  ha ’ a-i - ror ol omi sit I on
r i to  to r t hose target  s p r t ’a ent a ’d Itt t ~ r iii t ho W—na t Hil t 0 segment a

T r a i l  F t  I t’c t $ • Tue s a - u s a ’  r g r i d  dat :~ wit :, i-el i a - i t  ed ti t F o r t  lIr agg In
1971 in i t i i ’  Id ara’a con t ti I n i  ng f t ye has Ii- t rat I is. Almost :1 ii t a t  rge t  a
t r , iv t -  led on onc’ ot  th~~ e- tra i l is • Ft gt tr t ’  2 sitowa (ha- g n u  wit 3’, ~ hi’ I lye
rails • Tnt Us A , k • and I are has ic:t l l v  t i t t i g ht lint ’ tr a i ls r u n n i n g

direct lv from t he top t i’ t ha’ hot torn ot  t he g t Id . compared wit Ii t rat h a
ii and 1) wii I cii a r a ’ soniewlia t longez wi nal I ng, I ud I tee I I rat ii wit I a.’it run
d lagona l iv t brough •~~i 0 1 rc nrnveit t t itt ’ sa ’ l t  so V g 4- 1 (1 • ‘l’h e dist i n c tion
he tween (hI’ two group s  t~ t I rail a I a quit e p ro t io unc  ed tinti it was t el t
that (hi’ or ror rat a ’s :114 soc toted wit It the t w o  might ht’ somewh at t di I fe tent
For purposes ~~t .- l~~ssit it- a t  ton , t r a i t  is A , ~~~, and K wore denoted tis dirt-c t
trail s and trail a b and 1) a a I ttd I r i - c t  t rail • Ait et ro 4 :411:1 1 V S I a ttfl
di rect and indira-ct tr ai ls for both ac t  l v lt v levels in al l three studies
was conduc ted and t ha’ atimmar I zed ra ’su It are pi ’aen ted in Table h.
Of part tcui ar interest lit Table f~ t i n - the or t o t  i - at  es tor I ow activity
segments. In a ll three studios , tite error rates in the low activity
segments were greater l i i i  targets traveling direc t tr ai ls than for
targets t r av e l i n g  indira-a - I tr a ils. i l u r in g  l i i g i t  :tottvi tv this difference
in er r or  r a tes  was not I oaund  . One exp I t t i t a t  ion f o r  t h i s  dli fer en t  t a l
comes from viewing the X— l p lot s ot  tow :ti t l v i i  v s e g men t s .  Generally ,
host’ target s t ravel I itg I rid I root rout 4’s :tc t I vat a’ a larger number of

a t~i tso rs ; het-~~n~~a ’ the t r a I l s  a i-c longer • a. - t 1 va t Ions 001-lit’ over a longer
tim e period . This longer , m or e  ex t e ns  I vi- : ia ’ t i v a t  ion  pat  t e rn  would
logical Iv l end i t  i t t’ I f  t o di - t O t - (ion bet t o F  than ,-t shorter pat  tern
involving towe r soi s ors .

In hig h act lvi I v  at t r a a t  ions , a 1 : t r g C t  , more extensive p at  t ern  would
not be ne-ossar liv advant ageous for det u -c t ton because of the rel ativel v
high amoun t of RI - t I vat ion t’onges ( I o n  and Itt nge t over 1:11)

In low :ic t l v i  I v , It would appen r that a ’pa  i - t i  terra t end to overlook
t a rga’ t a on the shorter , more  dl ret- t t r at I i  . Tli I a I a t i l t  e rr o r  sit unt ton
which sit i’,~i Id ha’ a ’ a’ r r ea - t i’d . Fu t i ir e  t 10 In  I ng a l t o t i  Id emphas i .e t hi’ equal
i mpor t  anc .’ a*I t a r gi’ t it , :1 n . j  ~i r i  t I on  atga I n s t  o ve r l o o kI n g  ama it or *10 t (v a t  ion
pat  t e m .
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Figure 2. Nine-sensor Grid with Ground Truth Trails

Table 6. Error of Omission Rates (In Percent) for Targets by Trails

Direct Trails Indirect Trails

* Low High Low High
Project Activity Activity Combined Activity Activity Combined

X 26 53 46 17 69 53 -

Y 26 51 44 13 58 44

; Z 34 74 63 28 58 51
Average 29 59 51 19 62 49
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X— T Plot Featur es E f f e c t .  Spac ing , o v er l a p ,  p r o x i m i t y , and p at t e r n
size are four  Impor t an t  f e a t u re s  of th.’ target patt erns as titey appear
on an X—T p l o t .  P r o f i l e s  were c o n s t r u c t ed for each t a r g e t  us ing  these
fea tu res. Judgments  were made and scores asa lg it ed  t o  each t a r g e t  on each
fea tu re rang i ng f r o m  0 to  1, w i t h  I r e -p r esen t i n g  t h e ’  o p t i m u m .  Because
of the ’  24—sensor g r id  c o n f i g u r a t  tort used in study X , data f rom th a t
p roject  was not u t i l i z e d .

For s tud ies  Y and Z , t ite 2 S  t a r g e t s  ( l I Z  of t o t a i l  detected most
o ft e n  d u r i n g  h i g h  a c t i v i ty  p e r i o d s , went ’ -ompared with the ’ 20 ra re l y
det ected t a r g e t s  (2 5! of t o t a l l , w t t t t  r e spect to  the  f o u r  p a t t e r n
f e a t u r e s .  Ta rgets  f r e q u e n t  lv  mis sed had au ave ’rago error  r a t e  of
91.6!, w h i l e  the Inf r e q u e n t ly  utti sseti t a r g e t s  had an error r a t e  of 27.02.
Table 7 summar iz es  r e s u l t s  of  t h i s  a n a ly s i s  f o r  t a r g e t s  t ha t  appeared
in h igh  a c t i v i ty  segments.

Table 7. Average Judgmental Ratings f’r X—T P l o t  Fea t ures of
Targe ts  in Hig h Activity Segments

Pattern
Spac ing Over lap  PTI-.xITh%tx Size Composite

Targets Infrequent lv Missed

Study  Y 2, 40* 1.60 2 . 2t ~ 1 .6 0 7. 86

Stud y 7 2. 85 1.00 1. 30 1.80 ‘

Overa l l
Mean 2.62 2.30 .‘..‘8 1.70 8.~~0

Ta rget a Frequent  iv  Missed

Study Y 1. 50 I .  ~0 .‘. 10 I. .~I) h. iS

Stud y 7 1.3 5 2 .40  1. 10 • 5. 8 0

Overall
Mean 1.42 1.80 l . S ( ~ .9 7

Note.  Features judged on 0 — i  scale where 1 is opt i miuun .

_ _ _  -
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A_l i four X—T plot features were generally rated higher on the f t t f re—
quently, rather than the frequentl y, missed targets. Individually , each
feature may well have had a causal relationship to detection errors.
Together as a composite , there is even a stronger likelihood of an error
effect during high target activity. T—tests run on the X—T plot features
showed spacing (t — 5.08, df — 43) and pattern size (t — 2.48, df — 43)
scores to be significantly higher (.01 level ) for infrequently missed
targets. Overlap ( t  — 1.20, df — 43) and proximity ( t  • 1.51 , df — 63)
scores were also significantl y higher (.20 level) for infrequently
missed targets.

Table 8 shows the results for targets that appeared In low activity
segments. In low target activity, the total composite scores for
Infrequently missed targets were higher than the total composite scores
for frequentl y missed targets. In low activity, however , the differen-
tial was primarily due to two of the X—T plot features , spacing and
pattern size.

Table 8. Average Judgmental Ratings for X—T Plot Features of
Targets In Low Activity Segments

Pattern
Spacing Overlap Proximity Size Composite

Targets Infrequentl y Missed

Study V 2.00* 1.00 3.00 2.00 10.00

Study 7 i.80 3.00 3.00 2.40 10.20

Overall
Mean l .Q0 3.00 3.00 2. 20 10.10

Targets Frequently Missed

Study Y 1.50 3.00 2.33 .50 7.33

Stud y 7 1.50 3.00 3.00 1.50 9.00

Overall
Mea n i .S0  3. 00 ‘.tt 7 1.00 8.17

Note. Features ludged on 0—3 scale where 3 is optimum.
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The i r regu la r  and In c o n s i s t e n t  spac ing  of sensor activations was more
common in targets with high error rates, and , in general , the size of the
patterns was smaller. T—tests showed pa ttern size (t — 2.01 , df — 20)
and spac ing (t — 1.02, df 20’) scores for infrequently missed targets
to be significantly higher than scores for frequentl y missed targets.
The significance levels were .10 and .20 respectively.

Spac ing and pattern size yielded similarly low results in both the
high and low activity situations. The noticeable difference in the high
activity condition , however , is that proximity and overlap appear related
to detection errors. The patterns show that both these variables are
functions of the presence of other target patterns wttich are either close
to or converging on the monitored target. In low activity situations
proximity and overlap are not problems because of relative sparsitv of
targets present . Fatphasis on these four features for training purposes
could prepare operators for many eventualities in the field.

A uni que example of high error—causing situations occurred in project
2 in one of the low activIt y 30—minute segments. A target presented
at the end of the 30—minute segment was preceded by only one other target
at the beginning of the segment. The target activated two sensors for a
shor t period of ti me , and the pattern was clear with no noise activations
or other target activations. None of the 28 monitors detected this tar-
get. The target which preceded i t  was detected by 792 of the operators . 

- 
-

It must he deduced that a certain amount of inattentiveness and low uuoti—
vation was at least part ially responsible for errors of this kind .
Future training and follow—up testing must make attempts at preventing
situations such as this from recurring. - -

Target Direction Deviation .

The task of tracing the path of a target to determine direction was
a major objective of operators In all three of the projects . This task
was particularl y cha l l eng ing because of inheren t d i f f e r enc es in gr id
employment and the conventional sensor string employment.

The operators who participated in the projects were experienced in
the monitoring of strings along roadways in which target direction could
be determined easily. Use of the grid did not require that sensors be
employed on or near roadways. In the three projects referenced , sensors
were placed in an area through which targets night travel In 

~~~ 
direc-

tion. Consequently , determining where a target In fact did travel became
considerably more d ifficult .

In projec t X, operator ’s direction responses were scored as either
correct or incorrect. In studies V and 7, the scor ing techniques was
revised to a direction deviation basis. An operator ’s est ima te of
direc tion was evaluated in terms of the number of 10

0 
sectors that

estimate deviated from ground truth.

16
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Number iii Ve).Ir 1~’s Fl  1~-~- t  . In  t h e ~u t  I •‘mpt to ,h-te- rmtn i’ what factors
con t r ib uted to errors in direction determination , composition of the
targets was reviewed . A large number of combinations of military vehi-
cles had been utilized . A major distinction between two groups of tar-
gets was single vehicle targets and multiple vehicle targets. During
high act ivity periods, an approximately equal number of both groups
was used. Unfortunately, in low a c t i v i t y  periods there was not a suff i-
cien t number of single veh icle targets to conduc t an error analysis.
An analysis was performed on targets in high activity periods in study
V and study Z. The results are summarized In Table 9. For both studies,
operators were better able to determine the direction of single vehicle
targets. A t—test showed that direction deviation scores were signifi-
cantl y lower (.20 level) for single vehicle targets (t — 1.15, df — 72).

Table 9. Direction Deviation for Single Versus Multiple
Vehicle Targets by 10° Sectors in High Activity Segments

Project Single Vehicle Multiple Vehicle

Y 4.0 4.6

Z 4.5 5.5

The reason why multiple vehicle targets would cause monitors to
misinterpret direction is not totally clear. By looking at a target as
it would appear on an X—T plot , one can see a possible explanation.
In Figure 3, activations are caused by a single vehic le target traveling
between two sensors (2 and 3). On sensors 11 and 12, the activations
are caused by a multiple vehicle target. The two sensor maps show the
ground truth path of the target and the operator ’s response to the
target. In Figure 3, notice that the heavier activation pattern caused
by the multiple target caused the monitor to trace the target path very
near the sensors. In the single target case, the monitor was not as
strongly oriented this way because the activation patterns are shor ter
and less intense. It seems that longer, more intense activation patterns
frequently cause monitors to focus more upon target sensor proximity
than upon the no tion of multiple targets.

A second and perhaps more important consideration is the fact that in
high activi ty segments , a target creating more sensor activations is far
more likely to have its target pattern overlap or be in close proximity
to other target pattern s, again causing more problems for the UCS monitor.

1 
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Figure ~~~. X-T Plot and Maps of Sing le and Multiple Vehicle Targets

Both types of miscalculations can be corrected through adequate train—
1mg. FIrs t , monitors should be instructed to concentrate on proportional
relationships between numbers of activations in determining the location
of targets rather than attending t o  absolute numbers as they do when
making other calculations. Second , training mus t be prov ided wh ich will
enable monitors to better isolate one target pattern from another.

Trail Effects. As discussed previously, the trails that targets
traveled in these studies were classified under two headings, direct or
indirect. Th. direct routes were relatively straight paths which crossed
the sensor field from top to bottom. The indirect routes were paths that
traversed the field diagonally or circumvented it , and thus were somewhat
longer than th. direc t routes.

Tab le 10 shows the average direction deviation scores for targets
traveling direct and indirect trails presented in both activity levels of
projects V and Z.

18
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Table 10. Direction Deviation Scores (100 Sectors) of
Targets on Direct and Indirect Trails

Target Activity Dir ect Indirect

Project Y High 3.0 6.2

Low 3.8 3.1

Project Z High 4.5 5.1

Low 4.2 3.7

A t—test analysis Indicated that during high activity periods, target
direction was determined more accurately on targets traveling direct
rather than Indirect routes. This difference was significant at the .01
level (t — 3.01 , df — 69 ) .

However , during low activity periods, direction may have been more
accurately assessed for targets traveling the indirect routes. This
difference was significant at the .20 level Ct — . 7 9 , df — 23 ) .

In reviewing the X—T plots which the subjects monitored , it was noted
that in high activity segments, parts of the longer indirect routes were
frequently overlooked by monitors or mistakenly combined with parts of -

other targets. Thus when a measure of direction was calculated , there
was a relatively high frequency of errors. Targets with more direct
routes were less susceptible to this type of error.

In low activity conditions , the larger Indirect route targets were
not likely to be confused with other targets. In fact, the longer routes
which involved more activations on more sensors actually lent themselves
to more proficient direction determination than did the targets traveling
shorter routes with subsequent smaller target patterns. Thus, direction
errors tended to occur more frequently on direct route targets during low
target activity.

The errors developed from inaccurate monitoring of activations on the
various sensors Involved. Operators must be trained to separate accura-
tely the activations from more than one target during heavy target activ-
ity. Also, techniques for accurate direction determination should be
taught for those cases where direct routes of targets cause a relatively
small number of activations.

19
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A tendency on the part of opera tors  to i n t e r p r e t  a c t i va t i ons  w i th in
the rows of the grids as though they were strings was noticed in project
X. Training sessions in pro jec t s  Y and Z stressed the avoidance of this
type of error which led to both false alarms and errors in determining
target direction. This training was generally successful. However,
thiB type of error still was committed in Y and Z. Future training
should place increased emphasis on the uniqueness of the sensor grid
arrangement to counterac t the effects of previous t raining with sensor
strings.

Target Speed Deviation.

Activity Level Effects. Target speed in project Z was underesti-
mated on the maj ority of targets in both hi gh and low act ivi ty  periods.
This underestimation of speed is a phenomenon which appears to occur
frequently with grid but infrequently with sensor string data. It has
been deduced that speed underestimation is a function of the sensor grid
employmen t technique and will  occur regardless of ac t iv i ty  level. The
monitor’s tendency to equate a sensor activation with a target located on
or near the sensor , ra ther  than simp ly w i t h i n  its detection range, is
believed partially responsible for this type of error.

Number of Vehicles E f f e c t .  One other factor which appeared to
increase the target speed error rate was the single vehicle target
condition. An analysis conduc ted on absolute speed dev iation for
p rojects Y and Z , and on relative speed deviation in project Z showed
a greater tendency fo r  error  when operators monitored a single vehicle
ta rget , tha n when they monitored a multi p le vehi cle target.  These
results are sum marized in Table 11. The results are all from high
activity periods because of the scarcity of single vehicle low activity
targets.

Table 11. Speed Deviation on Single and Multiple Vehicle Targets in
Meters/Minute

Sing le Mult iple
Vehicle Targets Vehicle Targets

Project Y High Activity 89 76
Absolute Speed

Proj ec t Z High Activ it y 114 97
Absolute Speed

Project Z High Activity —77 —23
Relative Speed

20
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. gr t~ii t n umhi~ r u t  ul t I vat ton M iIHll ~~ 11 v pr est n t In ,i mu I t I p Ic veh Ic 1 e
t a r g e t  p a t t e r n  a c t i v a t i o n , may provide  a sl igh t l y more cons i s t en t  base
for calculating the time measurements necessary for speed calculations.

The errors made wi th regard to s ing le  v e h ic l e  targets might be
corrected best through training of accurate time measurements on targets
having a relatively small number of sensor activations .

In reviewing the X—T p lot papers and response sheets comp leted in the
r e fe renced  p r o j e c t s , it was noted t ha t  e r ro r s  were occasionally made in
the measurement  and r e D o r t in g  of time and distance. These errors were
more common during high activity and high target load situations.

Al though training tine was spent on the proper use of the TiCS ruler ,
it appears that a stronger emphasis , perhaps through repetitive practice ,
should  be placed on proper  measurement  of t i m e  and d i s t ance .

d

False Ala rms.

Each o f the three pro jec ts was scored f or false alarms, i.e., errors
of commission. The ra te  of repor ted f a l se  a larms was relatively low for
pro jec t s  Y and Z, however , p ro j ec t X results did show a considerably
higher false alarm rate. This higher frequency of false alarms may have
been partially the result of the less extensive grid training provided
In project  X.

The utilization of a sensor grid appeared to confuse monitors in proj-
ect X more so than in subsequent projects. Project X operators tended
to react as if the sensors were p laced in st r ings al ong trai ls  (as
discussed previously). Consequently , operations tended to report a
large number of false alarms. Increased training was provided in
projects Y and Z to lower the false alarm rate; this goal was achieved.

Activity Level Effects. Of the false alarms reported in projec t Y
and Z, more occurred during low than high activity periods. A decrease
in false alarms also occurred as the target load level increased. This
fa lse alarm e f f ec t  is the opposite of the detect ion error (error of
omission ) e f f e c t  wh ich  increases dur ing high ac t iv i ty  and high target
load periods and decreases during low activity and low target load
periods. Table 12 shows the false alarm rates for the three projects.
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Table 12. False Alarms Per 100 Targets Presented

HiGH Activity LOW Activity

Pro jec t X 23 54

Pro jec t  Y 1 9

Project Z 1 4

The substantial dec rease in false alarms in projects Y and Z is
probably due to the additional grid training mentioned prev iously.
Future training should concentrate on elimination of false alarms during
low ac tivity periods.

Dur ing those periods , pe rhaps monitors  have the tine to attend to
small  groups of activations , and mistakenly report them as targets.
Emphas is should be placed on iden tif ica tion of var ious noise , wea ther ,
animal and aircraft activation patterns so that such signals will no t
be interpreted as valid targets.

General Er ro rs .

A f a c t o r  causing errors  on all dependent variables in the three
p revious projects  has been the coordinat ion of target  logs. Spec i f ic
proble ms were uni que to each projec t but the general type of error
occurred in all three.

In project X, two sensor f ie lds  were monitored simultaneously.
D i f f e r e n t  color response sheets ( target  logs) were assigned to each
field. However, targets on one field were at times reported on the
inappropriate target log. This problem was confounded by occasional
inaccurate identification methods used by the operators.

In projec t Y, operators alternately monitored two sensor fields, one
of which contained nine sensors and the other 24 sensors. Again, mix-
ups occurred; some targets were reported on the wrong target logs.

In project Z, this entire problem was magnified by the utilization of
as many as 12 sensor fields simultaneously. Occurrence of errors in this
situation was high. In some cases, operators seemed to disregard
correc t identification procedures entirely.

22 L!-~~
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This kind of mismanagement of target logs and report sheets could
cause serious problems in a field situation. Certain experimental
situations which were devised did require a good deal of organization 4
on the part of the operator. However, similar situations possibly
could arise in the field as well.

Successful training should emphasize the importance of proper target
identification and recording. Examples of excellent monitoring skills
coupled with poor recording documentation and the possible consequences
should be offered.

SUMMARY OF RECOMMEN DATIONS

Analysis of errors committed in the three projects utilizing the
sensor grid array has shown that certain situations do appea r to increase
the likelihood of monitor errors. It is, of course, impossible to elimi-
nate all error from the monitoring task, but certainly appropriate train-
ing geared to the objective of reducing the frequency of errors should
be developed.

To help develop an improved training program, a number of recommen—
dations have been made regarding the various errors uncoverd in this
analysis. A summary of these errors with recommendations for corrective
measures is submitted below.

The effect of increased target activity and target load on detection
errors of omission is crucial. As either increases, so does the rate of
detection errors. The time and effort requirements plus the increase in
visual stimuli make for a more difficult task. Future training must make
efforts to assist operators in coping with more intense battlefield
conditions.

Low target activity and low target load conditions also contribute
to error situations but more frequently errors are in the form of false
alarms. False alarm errors do not appear as serious in terms of frequency
as errors of omission. However careful study of questionable activation
patterns should be encouraged.

The effects of single and multiple vehicle target patterns on speed
and direction estimation points to the need for closer examination of
activations on the X—T plot. Examples of activations of various combina-
tions of vehicles with tips for differentiation should be included in
future training.
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use of comparative examp les should also prove 

helpful in dealing

trec t and indirect target trails. This type of error se(’ms to be

tton of grid array. An emphasIs on the important differences in

tion patterns on the grid as compared to the string is necessary.

- pproach should also he lp min imi ze the amoun t of speed underesttma

tch consistently appeared in Projec t 2. The only other alter—

would b. acceptance of underestimation on the 
grounds that m di—

travel of vehicles on the grid causing 
underestimation Is completelY

food by field commanders. Althoug h the operator s  are not r ep o r t in g

rue targe t speed tt~ev are 
reporting the crosscoufltrY speed and thin

is tmport~int in help ing to determine how far the target 
will travel

maintains the same route mechanics.

-Occurrence of errors assoc iated with sequence of presentation of the

t, plus other unexp lainab le er rors  on cer t a i n  t a rge ts  points to

~~sed for maintaIning vig ilance and attention on the part of the

at o r s. Operators should be prepared to handle the 
increased level

onfusion and amb igu i ty  which sometimes occur .

X—T p lot pattern features which appeared to contribute to the

r of errors included high proximity to other 
target activations ,

1 target pattern size , high target overlap, 
and irregular activation

cing. Variations in these features are , of course , caused by varia—

as of events occurring in the sensor field; however , It is felt that

tug with the X—T p lot features directly can be useful for  training

~ poses. 
Combinations of a large number of possible variations 

of

se factors could be presented to operators as exercises. Those which

~ more frequently associated with errors should 
receive the greatest

~ centratton and emphasis.

A sig n i f i c a n t  e r ro r—cau s ing  factor involves the combination of errors

r measuremen t , calcula tion and response requirement  management .  These

~.rator 
reeponsibitties have been emphasized in previous training pro—

rams, but it appears that renewed emphasis and re—emphasis 
Is necessary.

INCORPORATION OF RESULTS INTO TRAINING PROGRAM

The identification of error—causing factors In this analysts should

• helpful in creating a basis for 
the proposed training. Reconusen—

attons have been offered with respect to particula r 
kinds ~f errors.

he use of these recommendations In  addition to previously established

raining exercises for sensor grids should provide a 
sound orientation
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The use of comparative examples should also prove helpful in dealing
with direct and indirec t target trails. This type of error seems to be
a func t ion  of grid array . An emphasis on the important differences in
activation patterns on the grid as compared to the string is necessary.
This approach should also help minimize the amount of speed underestima-
tion which consistently appeared in Project Z. The only other alter-
native would be acceptance of underestimation on the grounds that indi-
rect travel of vehicles on the grid causing underestimation is completely
understood by field commanders. Although the operators are not reporting
the true target speed they are reporting the crosscountry speed and this
speed is important in hel ping to determine how far the target will travel
if it maintains the same route mechanics.

Occurrence of errors associated with sequence of presentation of the
target , plus other unexplainable errors on certain targets points to
the need for maintaining vigilance and attention on the part of the
operators. Operators should be prepared to handle the increased level
of confusion and ambiguity which sometimes occur.

X—T plot pattern features which appeared to contribute to the
number of errors included high proximity to other target activations ,
small target pattern size, high target overlap , and irregular activation
spacing. Variations in these features are, of course, caused by varia-
tions of events occurring in the sensor field; however, it is felt that
dealing with the X—T plot features directl y can be useful for training
purposes. Combinations of a large number of possible variations of
these factors could be presented to operators as exercises. Those which
are more frequently associated with errors should receive the greatest
concentration and emphasis.

A significant error—causing factor involves the combination of errors
of measurement , calculation and response requirement management. These
operator responsiblities have been emphasized in previous training pro-
grams, but it appears that renewed emphasis and re—emphasis is necessary.

INCORPORATION OF RESULTS INTO TRAINING PROGRAM

The identification of error—causing factors in this analysis should
be helpful in creating a basis for the proposed training. Recommen-
dations have been offered with respect to particular kinds of errors.
The use of these recommendations in addition to previously established
training exercises for sensor grids should provide a sound orientation
to UGS operators. The ultimate result should be improved operator
performance.
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A suggest ed framework for the training program would ini t ially
includ. a review of key topics dealing with basic UGS targ.t detection
and readout procedures for the solitary target case.

This phase of the training would use fundamental subjec t matter
content with some refinements resulting from recent research. An analy-
sis of grid employmen t patterns would be presented with the inclusion
of information about target—related errors and X—T plot features , e.g.,
size , shape , etc.

The second major portion of the training should deal with more
complex target cluster situations involving target activity and operator
management responsibility, including multi—disp lay monitoring techniques
and sensor data problems. Results of the present analysis plus infor—
•ation gleamed from recent field—training exercise experience will be
utili zed to complete this phase .

This program should be offered in a workbook using en individualized ,
self—paced approach and , if possib le, a lecture/Vu—graph presentation
of the target cluster situations. The vu—graphs should maintain atten-
tion and promote learning. A balanced combination of student partici-
pation with instruc tor guidance , when necessary , should help insure a
successful training package.
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